Objective: To identify the association between the interleukin (IL) 6 (IL-6) rs1800795 (-174 G>C), IL-8 rs4073 (-251T>A), and matrix metalloproteinase-13 (MMP-13) rs2252070 (-77G>A) gene polymorphisms and knee osteoarthritis (KOA) susceptibility in the Chinese Han population. Methods: Genomic DNA was extracted from a total of 400 KOA patients and 400 healthy subjects. Sanger sequencing was performed to determine the genotypes of the IL-6 rs1800795 (-174 G/C), IL-8 rs4073 (-251A/T), and MMP-13 rs2252070 (-77A/G) loci. The mRNA expression levels of IL-6, IL-8, and MMP-13 in osteoblasts and the protein expression levels of IL-6, IL-8, and MMP-13 in the synovial fluids of KOA patients were analyzed. Results: The recessive model of IL-6 rs1800795 locus was found to be associated with KOA risk (adjusted odds ratio (OR) = 1.657, 95% confidence interval (CI) = 1.396-1.866, P<0.001). The IL-8 rs4073 locus dominant and recessive model showed no significant association with KOA risk (P>0.05). The dominant and recessive models of the MMP-13 rs2252070 locus showed higher risk for developing KOA (dominant model: adjusted OR = 1.271, 95%CI = 1.095-1.480, P=0.001; recessive model: adjusted OR = 1.361 95%CI = 1.151-1.569, P<0.001). The G>C mutation in IL-6 rs1800795 and the G>A mutation in MMP-13 rs2252070 were associated with significantly higher KOA disease severity. The G>C mutation in the IL-6 rs1800795 locus was associated with up-regulation of IL-6 expression. The G>A mutation in the MMP-13 rs2252070 locus was associated with up-regulation of MMP-13 expression. Conclusion: The IL-8 rs4073 (-251T>A) mutation was not associated with KOA susceptibility. The IL-6 rs1800795 (-174 G>C) and MMP-13 rs2252070 (-77G>A) mutations were associated with KOA susceptibility, increased disease severity, and up-regulation of IL-6 and MMP-13 expression levels.
caused by joint deformities can up-regulate the expression of interleukin (IL) 6 (IL-6), IL-8, and matrix metalloproteinase-13 (MMP-13) in the callus and is potentially involved in OA progression [9] . Single nucleotide polymorphisms (SNPs) in the genes encoding IL-6 [10] , IL-8 [11] , and MMP-13 [12] have been associated with the occurrence of various diseases. However, few studies have investigated the occurrence of OA. In the present case-control study, we analyzed the association of SNPs in the promoter regions of IL-6 rs1800795 (-174G>C), IL-8 rs4073 (-251T>A), and rs2252070 (-77G>A) MMP-13 with KOA susceptibility and disease severity. In addition, we analyzed the correlation of the rs1800795 (-174G>C) in the IL-6 locus, rs4073 (-251T>A) in the IL-8 promoter region, and rs2252070 (-77G>A) in the MMP-13 promoter region with KOA susceptibility and disease severity.
Materials and methods

Patient characteristics
A total of 400 patients with KOA undergoing artificial joint replacement surgery at Zhejiang Provincial People's Hospital from May 2014 to May 2017 were recruited in the case group. The case group comprised 184 males and 216 females who were 25-81 years old, with an average age of 56.6 + − 9.3. A total of 400 healthy subjects were recruited in the control group. The control group comprised 189 males and 211 females who were 27-80 years old, with an average age of 55.7 + − 10.5. KOA was diagnosed based on the KOA standards established by the Association of Rheumatology Health Professionals (ARHP) [13] . The following exclusion criteria were considered: joint diseases caused by other causes, such as inflammatory arthritis, septic arthritis, traumatic arthritis, chronic inflammation, infectious diseases, and tumor or skeletal dysplasia; diseases that can cause systemic inflammatory reactions; and failure to obtain KOA patients with joint effusion. The control group underwent clinical examination. X-ray analysis confirmed the absence of KOA or other types of arthritis and no evident symptoms of joint pain, including pain, swelling, tenderness, and limited mobility. The present study was approved by the Medical Ethics Committee of Zhejiang Provincial People's Hospital. All participants provided written informed consent. 
Genotyping
Venous blood sample (2 ml) was collected from each subject. Genomic DNA was extracted using the QIAamp DSP DNA Blood Mini Kit (Cat No. 61104, Qiagen, Germany) and subsequently stored at −80 • C in a freezer. PCR primers were designed based on the IL-6, IL-8, and MMP-13 sequences using Primer Premier 5.0 (Premier, Palo Alto, CA, U.S.A.) ( Table 1) . PCR amplification was performed in 20 μl reaction volumes containing 2.0 μl of 10× PCR buffer, 2.0 μl of 0.3 mmol/l dNTPs, 1.0 μl each of the upstream (10 μM) and downstream primers (10 μM), 10 ng of genomic DNA template, 1.0 U of Taq DNA polymerase, and water. PCR was performed based on the following amplification profile: pre-denaturation at 94
• C for 5 min; 30 cycles of denaturation at 95
• C for 30 s, annealing at 60
• C for 30 s; extension at 72
• C for 45; and final extension at 72 • C for 10 min. Amplified PCR products were purified using a DNA Purification Kit (Cat No. D0033, Beyotime, Shanghai, China) and subjected to Sanger sequencing for genotype determination (Figure 1 ).
Determination of IL-6, IL-8, and MMP-13 expression levels
Articular cartilage tissue (50-100 mg) was obtained from each KOA patient during artificial joint replacement surgery. Total RNA was extracted using Qiagen 74106 tissue RNA extraction kit (Qiagen, Germany). The mRNA was reverse-transcribed into cDNA using the M-MLV2 reverse transcription kit. RT-PCR was performed in 25 μl reaction volumes containing 2 μl of cDNA, 12.5 μl of 2× PCR buffer, 15 mmol/l MgCl 2 , 25 μmol/l each of the four dNTPs, 50 pmol/l primer, and 1 U of Taq enzyme. The primers used for RT-PCR were as follows: IL-6, 5 -GAG CTT CAG GCA GGC AGT ATC-3 (forward) and 5 -GTA TAG ATT CTT TCC TTT GAG GC-3 (reverse); IL-8, 5 -AGT GCT AAA GAA CTT AGA TG-3 (forward) and 5 -TAT GAA TTC TCA GCC CTC TT-3 (reverse); MMP-13, 5 -GGT CCC AAA CGA ACT TAA CTT ACA-3 (forward) and 5 -CCT TGA ACG TCA TCA TCA GGA AGC-3 (reverse); and β-actin, 5 -ACC ACC ATG GAG AAG GCT GG-3 (forward) and 5 -CTC AGT GTA GCC CAG GAT GC-3 (reverse). Synovial fluid (1 ml) from each KOA patient was collected and centrifuged at 14000 r/min for 20 min at 4
• C, after which the supernatant was isolated for determination of IL-6 (Cat#E-EL-M0044c, Elabscience), IL-8 (Cat# E-EL-H0048c, Elabscience), and MMP-13 (Cat# E-EL-H0134c, Elabscience) levels by ELISA. All procedures were carried out in strict accordance with the manufacturers' instructions. 
Statistical analysis
All statistical analyses were conducted using SPSS 20 software (SPSS, Inc., Chicago, IL, U.S.A.). The continuous variable was expressed as mean + − S.D., and significant differences were determined using the Student's t test. Categorical variables were expressed as frequency and percentage and analyzed using the χ 2 test. χ 2 test was performed to analyze whether the genotype distribution was consistent with Hardy-Weinberg equilibrium. The KOA risk of IL-6 rs1800795 (-174 G>C), IL-8 rs4073 (-251T>A), and MMP-13 rs2252070 (-77G>A) loci were evaluated based on the odds ratio (OR) and 95% confidence interval (CI). After adjusting for confounding factors such as age, sex, body mass index (BMI), family history, smoking, and alcohol consumption, multivariate logistic regression analysis was performed to calculate OR (95%CI). P<0.05 was considered statistically significant.
Results
Demographic characteristics
The following results were obtained based on Kellgren-Lawrence grading [14] of 400 KOA cases: 218 cases were grade 2 (54.5%), 101 cases were grade 3 (25.3%), and 81 cases were grade 4 (20.3%). We found no significant differences between the case group and the control group in terms of clinical characteristics, including age, sex, BMI, family history, smoking status, and alcohol consumption (P>0.05) ( Table 2 ).
Genotype and allele frequencies of the IL-6, IL-8, and MMP SNP loci
The genotype and allele frequencies of IL-6 rs1800795, IL-8 rs4073, and MMP-13 rs2252070 loci in the case and control groups are shown in Table 3 . The analysis showed that the IL-6 rs1800795, IL-8 rs4073, and MMP-13 rs2252070 genotypes in the control group were consistent with Hardy-Weinberg equilibrium (P>0.05). The recessive model of IL-6 rs1800795 locus was associated with high risk for KOA (adjusted OR = 1.657, 95%CI = 1.396-1.866, P<0.001), and the rs1800795 locus C allele was a strong risk factor for KOA (Table 3) . We found no significant differences in the frequencies of the IL-8 rs4073 genotypes between the case and control groups (P>0.05). The dominant and recessive models of IL-8 rs4073 showed no significant difference in KOA risk (P>0.05) ( Table 3 ). The dominant and recessive models of the MMP-13 rs2252070 were found to be associated with high risk for KOA (dominant model: adjusted OR = 1.271, 95%CI = 1.095-1.480, P=0.001; recessive model: adjusted OR = 1.361, 95% CI = 1.151-1.569, P<0.001) ( Table 3 ). The A allele in the MMP-13 rs2252070 locus was found to be a strong risk factor for KOA (P<0.001).
Correlation between IL-6, IL-8, and MMP SNPs and KOA disease severity Kellgren-Lawrence grading of KOA patients harboring the IL-6 rs1800795, IL-8 rs4073, and MMP-13 rs2252070 genotypes is shown in Table 4 . The analysis showed that the IL-6 rs1800795 SNP was associated with higher KOA disease severity (P<0.001). The G>C mutation was associated with high KOA disease severity. The IL-8 rs4073 locus SNP showed no correlation with KOA severity (P=0.186). The G>A mutation at MMP-13 rs2252070 locus was positively correlated with KOA severity (P<0.001). 
Relationship between IL-6, IL-8, and MMP-13 SNPs and mRNA expression
Patients harboring the G>A mutation at the IL-6 rs1800795 locus showed significantly higher IL-6 mRNA expression levels (P=0.03) (Figure 2A ). There were no significant differences in IL-8 mRNA expression levels in osteoblasts from KOA patients with different genotypes at the IL-8 rs4073 locus (P=0.06) ( Figure 2B ). MMP-13 mRNA expression levels were up-regulated in the osteoblasts of individuals harboring the wild-type, heterozygote, and mutant homozygote genotypes in the MMP-13 rs2252070 locus (P=0.01) ( Figure 2C ). Correlation between SNPs in the IL-6, IL-8, and MMP-13 genes and their mRNA expression KOA patients of harboring the IL-6 rs1800795 loci G>A mutation showed significantly higher IL-6 levels in the synovial fluid (P=0.01) ( Figure 3A) . We found no statistically significant difference in IL-8 levels in the synovial fluids of KOA patients harboring different genotypes in the IL-8 rs4073 locus (P=0.07) ( Figure 3B ). The G>A mutation in MMP-13 rs2252070 was associated with higher MMP-13 levels in the synovial fluids of KOA patients (P<0.01) ( Figure 3C ).
Discussion
The present study analyzed the relationship between the SNPs in the IL-6 rs1800795 (-174 G/C), the IL-8 rs4073 (-251A/T), the MMP-13 rs2252070 (-77A/G) loci and KOA susceptibility and disease severity. Our findings showed that the IL-8 rs4073 (-251T>A) mutation was not associated with KOA susceptibility and disease severity. The IL-6 rs1800795 (-174 G>C) and the MMP-13 rs2252070 (-77G>A) mutations were found to be associated with KOA susceptibility and disease severity. In addition, patients harboring the IL-6 rs1800795 (-174 G>C) and the MMP-13 rs2252070 (-77G>A) mutations showed up-regulated expression of the corresponding inflammatory cytokines [15] [16] [17] . Accumulating evidence has shown that OA occurrence is caused by various factors. The OA is characterized by pathological changes in the cartilage, subchondral bone, ligaments, synovium, joint capsules, and surrounding joint tissues, all of which participate in the pathogenesis of OA [18] . During the progression of OA, different risk factors may ultimately cause OA through a common pathway that primarily affects the synovial fluid and subchondral bone [19] . Osteoblasts are critical for maintaining the subchondral bone, and the biological phenotype of the osteoblasts determines subchondral bone remodeling, bone sclerosis, and reduced bone mineralization capacity [20] . A previous study by Sakao et al. [9] showed that osteoblasts in the osteophytes of OA patients can produce higher levels of IL-6, IL-8, and MMP-13 than the subchondral bone osteoblasts of healthy individuals. These inflammatory factors participate in subchondral bone remodeling, angiogenesis, and expression of inflammatory proteins via related signaling pathways, thereby influencing the occurrence and progression of OA. The expression of IL-6, IL-8, and MMP-13 were significantly correlated with gene polymorphism. The present study analyzed the relationship between the SNPs of these three genes and KOA.
The IL-6 gene is located on chromosome 7p21. IL-6 is a multifunctional cytokine that can act as an inflammatory mediator and a regulator of endocrine and metabolic functions. Sun et al. [10] showed that the rs1800795 (-174 G>C) in the IL-6 gene is associated with coronary artery disease (CAD). Both the dominant and recessive CAD is increasing. However, our findings showed that rs1800795 (-174 G>C) increases KOA risk only in the recessive model. These results could be attributed to deviations of the rs1800795 locus from the Hardy-Weinberg equilibrium in the control population in Sun et al. study (P<0.001) [10] . Their study population was from Jilin, and its secondary allele frequency (MAF:C) of the rs1800795 locus was 18.20%, while the data from the 1000 Genomes database showed that the MAF(C) was 9.02% in the U.S. population. MAF(C) was as high as 51.52% in the Western European population, indicating that the SNP locus was significantly associated with ethnic differences. Our current results indicated that the IL-6 rs1800795 (-174 G>C) mutation is not only related to higher KOA risk and higher disease severity, but also to higher severity of arthritis. We hypothesized that the observed correlation was caused by dramatic up-regulation of IL-6 levels. Furthermore, mRNA expression levels of IL-6 in the osteoblasts of mutant KOA patients were considerably higher than those in the osteoblasts of individuals harboring the wild-type genotype. Furthermore, individuals harboring the -174G>C mutation showed higher IL-6 levels in the synovial fluid, leading to disease progression of KOA.
The IL-8 gene is located in the human chromosome 4q13-21. The IL-8 rs4073 (-251T>A) site is located in the transcription initiation region and is potentially involved in the regulation of IL-8 expression. Previous studies showed that the IL-8 rs4073 (-251T>A) polymorphism is associated with the occurrence of various diseases [21, 22] . Andia et al. [23] showed that the carriers of allele A at IL-8 rs4073 locus had a high level of IL-8 expression, which was consistent with the results of this study. According to data from 1000 Genomes database, the frequency of allele A at IL8 rs4073 locus was 42.38% in Southern Chinese Han population, 85.35% in Esan Nigeria, and 81.97% in Americans. The frequency of allele A in the present study was 47.5%, which was close to the results in the database, indicating that the selection of samples in the present study was representative. However, our current results showed no significant association between IL-8 rs4073 (-251T>A) polymorphisms and the occurrence and disease severity of KOA. We found no significant differences in IL-8 expression levels amongst KOA patients harboring the IL-8 rs4073 (-251T>A) genotype. Considering that IL-8 can be secreted by various cell types, a compensatory expression mechanism is potentially responsible for maintaining stable IL-8 expression levels.
The MMP-13 gene is located on the human chromosome 11q22, and the rs2252070 (-77G>A) polymorphism in the MMP-13 promoter region is associated with the development of various diseases [17, 24] . The rs2252070 (-77G>A) polymorphism in the MMP-13 promoter region is known to influence MMP-13 transcription. The mutant A allele is associated with two-fold higher transcriptional activity of the MMP-13 gene compared with that of the G allele [25] . According to data from 1000 Genomes database, the G allele frequency of MMP-13 rs2252070 (-77G > A) locus was 44.76%, and the A allele frequency was 55.24%. In Americans of Africa, G allele frequency was 33.61%, A allele frequency was 66.39%. The G allele frequency was 57.21% and A allele frequency was 42.79% in Japanese in Tokyo. Therefore, the allele frequencies of MMP-13 rs2252070 locus were significantly different amongst different races. In the present study, the G allele frequency was 68.4%, which was close to that of Americans of Africa. The analysis may be related to the small sample size in the present study. Our findings revealed that both the dominant and recessive models of the MMP-13 rs2252070 locus were associated with higher KOA risk. Furthermore, individuals harboring the mutant rs2252070 genotype showed higher MMP-13 mRNA expression levels in the osteoblasts and the synovial fluids of KOA patients were higher than those in the osteoblasts and synovial fluids of the wild-type individuals, indicating that the -77G>A mutation increases MMP-13 transcriptional activity and up-regulates MMP-13 expression.
Our current results showed that the rs1800795 (-174 G>C) and rs2252070 (-77G>A) polymorphisms in the promoter region of the IL-6 gene were associated with the occurrence and progression of KOA. However, KOA occurrence and progression are influenced by multiple factors. Subsequent studies should investigate the influence of other genes, the environment, and gene-gene interactions to elucidate the mechanisms underlying the occurrence and progression of KOA.
Our current study has several limitations. First, considering the difficulty of sample collection of osteoblasts and synovial fluids, polymorphism data on the promoter regions of the IL-6 rs1800795 (-174G>C) and the MMP-13 rs2252070 (-77G>A) loci and the expression levels of the corresponding cytokines were not obtained. In addition, the contribution of external mechanical forces on the development and progression of knee arthritis could not be ruled out.
Conclusion
Our findings showed that IL-8 rs4073 (-251T>A) mutation was not associated with KOA susceptibility. The IL-6 rs1800795 (-174 G>C) and MMP-13 rs2252070 (-77G>A) mutations are associated with higher KOA susceptibility and disease severity and contribute to KOA pathogenesis via up-regulation of IL-6 and MMP-13 expression levels.
